DESPITE the frequency and importance of arteriosclerotic obstruction, current methods of therapy leave much to be desired. Nonsurgical measures, however helpful they may be, provide the patient little more than an opportunity to live with his disease. Consistent success in the use of surgical technics such as endarterectomy, angioplasty, and grafting has largely been confined to highly specialized vascular surgeons of whom there are far too few to cope realistically with literally millions of patients suffering the painful, disabling, or lethal consequences of the disease. Moreover, for practical purposes, surgical success is limited in the management of occlusions in smaller arteries.'-3 Thus, while aorto-iliac thromboendarterectomy has been generally successful, gangrene due to femoropopliteal occlusion frequently results in amputation. Expert vascular surgeons are reluctant to intervene in low femoral lesions if tolerable intermittent claudication is the only resulting disability. 4 With these facts in mind, pursuit of a previously proposed approach5' 6 has led to the development of a safe, simple, and effective technic for directly overcoming arteriosclerotic narrowing and occlusion in the arteries of the leg. Impressive salvages already achieved in otherwise doomed legs amply justify this preliminary report even though long-term follow-up observations are not yet possible. Aided by grants from the U. S. Public Health Service (H-3275 and H-6336), the Oregon Heart Association, and Mallinckrodt Pharmaceuticals.
Method Procedure
Prior angiographic sulvey of the abdominal aorta, its iliac branches, and the leg arteries, including those beyond the suspected primary block, is best done by retrograde catheterization of the opposite femoral artery, thus insuring a hematoma-free femoral region on the side to be treated. If an attempt appears indicated, the procedure, including its present experimental status, is fully discussed with the patient and specific permission is obtained. Oral anticoagulant agents are discontinued and barbiturate sedation is given at an appropriate time. Local anesthesia was used in all but two patients who received low spinal block.
The actual procedure is begun with downstream or antegrade femoral catheterization and control arteriography. A preliminary injection of 2,000 units of heparin is given into the artery, and under fluoroscopic control an ordinary coilspring catheter guide of about 0.05 inch OD is passed down the lumen until its tip has traversed the stenosis to reach the lumen beyond. A tapered, radiopaque, Teflon dilating catheter * of approximately 0.1 inch OD is then slipped over the guide and advanced until it, too, has traversed the block, thereby enlarging the pre-existing or newly opened lumen. The guide is passed across the atheromatous block without going through the wall more by the application of judgment than of force; both are often needed to effect the subsequent dilatation. Where PletIiy figure 8C .
Case 9 ( fig. 11) G. G., a man of 75 with diabetes, developed severe pain in his left foot and ankle while working on March 1, 1964. He was hospitalized elsewhere and left lumbar sympathectomy was carried out within 24 hours. He continued to have rest pain, which markedly increased with exercise. His leg below the knee was cold. On April 2, 1964, he was admitted to the hospital because of severe, unremitting pain and early gangrene of left toes. Pigmentation, patchy redness, and decreased skin temperature were present below the left knee. Right retrograde transfemoral aortoarteriography a week later showed patent iliac and common femoral arteries, but demonstrated complete obstruction of the distal left superficial femoral and popliteal arteries. After a 20-second delay, the junction of two patent tibial arteries filled faintly by way of devious collateral channels. Above-the-knee amputation was planned and accepted by the patient.
Told of the present technic, the patient gladly consented to experimental recanalization, which was undertaken on May 1, 1964 Case 10 V. H. is the same patient reported as Case 7. Right Leg: On May 5, 1964 , an attempt to traverse a long segmental block of the superficial femoral artery failed presumably because of our inability to start the recanalization with the spring in a proximal, unoccluded segment of the superficial artery above the region of block. Repeated extravascular passage resulted. This effort is not regarded as a total failure, since dilatation of a stenosed profunda femoral artery at the level of the second perforating branch was easily accomplished and appeared to improve collateral flow. Digital plethysmographic pulsation was absent before and after this procedure.
On June 5, 1964, a second attempted recanalization resulted in a lumen-to-lumen channel, portions of which were subatheromatous. There was subjective improvement and plethysmographically measurable blood pressure.
A third attempt 5 days later failed to develop a completely transatheromatous channel. In view of subsequent subjective improvement, a new approach has not been attempted. Atheromatous material has the characteristics of what an engineer would term a "coldflow" substance; thus, it can be molded into a configuration that permits it to serve as an autogenous, in-situ graft. If intima existed before the remodeling, it presumably would remain afterwards, however stretched.
Transluminal recanalization is a simple technic. The hard-won skill of the vascular surgeon is not required, for the technic can be learned by any physician familiar with vascular catheterization. This is fortunate. A therapeutic approach to arteriosclerotic disease which requires the services of a highly trained vascular surgeon would hardly scratch the surface in the treatment needed for a disease responsible for the death of a million Americans every year! Since the procedure is suitable for outpatient application, and at most requires brief hospitalization, the expense for the patient is kept to a minimum. positioned in the form of a thin, flexible guide, prior to providing forceful, local expansion as needed. In addition, our efforts are being directed toward the design and construction of a self-guiding, lumen-seaking guide to facilitate penetration as the first step in the recanalization of totally occluded arteries. Once a pathway has been created across an occluded segment, repeated dilatation or the temporary use of a Silastic endovascular (or, in some cases, paravascular) splint could maintain an adequate false lumen until the natural processes of fibrosis and re-intimalization had taken place. We believe re-intimalization is as likely to occur on the walls of a lumen formed by the patient's own tissues as on the fibers of a plastic prosthesis.
Conclusions It seems reasonable to expect that the transluminal technic for recanalization will extend the scope of treatment beyond the limits of present-day surgery. The method offers early treatment for the ischemic leg. In view of its simplicity and low morbidity, it is now feasible to treat intermittent claudication without waiting for more serious symptoms to occur or collateral circulation to develop.
Although 
Summary
The rationale and technic of a new procedure-transluminal recanalization of arteriosclerotic obstructions-has been described.
Of the 11 extremities treated, six have shown marked improvement (four amputations averted). It is reasonable to assume that with a perfected technic and patients with less advanced disease, the percentage of successful recanalizations would increase.
Early treatment with this technic may well prevent otherwise serious disease, not just prevent amputation of extremities not suitable for definitive surgery. We are satisfied that percutaneous transluminal recanalization is the treatment of choice for many lesions of the femoral and popliteal arteries. We believe this method is ready for application to obstructions up to approximately 10 cm. by those skilled in the use of vascular catheters. No doubt the interest and ingenuity of others will lead to refinements of technic as well as further clarification of the role of this attack on arteriosclerotic obstructions.
Addendum
Since this report was completed the number of treated patients has approximately doubled. There have been no further amputations and the success rate appears to have improved with experience in the selection of patients and the conduct of the procedure. Late thrombosis appears to be unlikely in the light of results to date.
